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1. General Information.

Unless otherwise specified, all commercially available reagents were purchased from chemical
suppliers without further purification. In particular, 1,8-diazabicyclo[5.4.1]undec-7-ene (DBU)
was dried over 4 A molecular sieves. 'H NMR (400 MHz) and *C NMR (100 MHz) spectra were
recorded in CDCl; with TMS as internal standard at room temperature. High-resolution mass
spectra (HRMS) were obtained by ESI. Column chromatography was performed on silica gel
(200-300 mesh). All products were characterized by comparison of *H NMR, *C NMR, and
HRMS, especially the 3aa was also characterized by using HSQC and HMBC to further confirm
the structure.

2. Experimental Section

General Procedure for Preparation of Sodium Sulfinates (2b-2e, 2g-2i).*

4-Chlorobenzenesulfinate (2d) sodium salt was prepared by heating 2.5 g of sodium sulfite, 2.10 g
of 4-chlorobenzenesulphonyl chloride, and 1.68 g of sodium bicarbonate in 10.0 mL of water at
70-80 ‘C for 4 h. After cooling to room temperature, water was removed by filtering under
vacuum and the residue was extracted by ethanol, recrystallization or evaporation as a white solid.
Similarly, other sodium arenesulfinates (2b, 2c, 2e, 2g-2i) was prepared from their corresponding
sulphonyl chlorides.

3. Segmental Experiment Data

Table 1 Optimization of reaction conditions *

o
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1a 2a 3aa

Entry Catalyst Base (equiv.) Solvent Time(h) \ﬁeld(%)b

1  CuBr, DBU(L0) CHCN 24 23
2 CuBr, DBU(L0) CHClL 24 <10
3 CuBr, DBU(L0) EtOH 24 <10
4  CuBr, DBU(L0) DMF 24 53
5 CuBr, DBU(L0) HO 24 0

# Reaction conditions: 1a (0.5 mmol), 2a (1.0 mmol), and catalyst (20 mol%) and base in 3 mL
solvent at room temperature in open flask (air). ®Isolated yields.

4. Characterization Data of All Products.

1-phenyl-2-(phenylsulfonyl)propan-1-one (3aa): White solid, mp 85-86°C. "H NMR (400 MHz,
CDCly) 6 7.96 - 7.94(m, 2H), 7.80 - 7.77(m, 2H), 7.64 - 7.57(m, 2H), 7.52 - 7.43(m, 2H), 5.17
(dd, J; = 14.0 Hz, J,=6.8 Hz, 1H), 1.57 (d, J = 7.2 Hz, 3H). **C NMR (100 MHz, CDCl;) &
192.45, 136.25, 136.23, 134.18, 134.03, 129.73, 129.10, 128.88, 128.74, 64.97, 13.11. HRMS
(ESI, m/z) calcd. for C;5H;403SNa [M+Na]* 297.0556, found 297.0559.
1-phenyl-2-tosylpropan-1-one (3ab): White solid, mp 101-102°C. *H NMR (400 MHz, CDCl;) &
7.98 - 7.96 (m, 2H), 7.65(d, J =8.4 Hz, 2H), 7.60 (t, J = 7.4 Hz, 1H), 7.47 (t, J = 7.8 Hz, 2H),
7.30 (d, J = 8.1 Hz, 2H), 5.15(dd, J;= 13.8 Hz, J,=7.0 Hz, 1H), 2.42 (s, 3H), 1.55(d, J = 6.9 Hz,
3H). ®C NMR (100 MHz, CDCl;) 8 192.60, 145.30, 136.31, 133.94, 133.16, 129.80, 129.50,
129.15, 128.70, 65.03, 21.63, 13.17. HRMS (ESI, m/z) calcd. for CisHy60;SNa [M+Na]* 311.0712,



found 311.0713.

2-((4-fluorophenyl)sulfonyl)-1-phenylpropan-1-one (3ac): White solid, mp 113-114°C. ‘H NMR
(400 MHz, CDCl) & 7.90 - 7.87 (m, 2H), 7.75 - 7.70 (m, 2H), 7.56 - 7.52 (m, 1H),
7.40 (t,J =7.8 Hz, 2H), 7.13 - 7.09 (m, 2H), 5.10(dd, J; = 7.0 Hz, J, = 3.4 Hz, 1H), 1.49 (d, J
= 6.9 Hz, 3H). **C NMR (100 MHz, CDCl;) 8 192.57, 167.49, 164.93, 136.09, 134.22, 132.84,
132.74, 132.05, 132.02, 129.13, 128.84, 116.35, 116.12, 65.04, 13.28. HRMS (ESI, m/z) calcd. for
CisHisFO3SNa [M+Na] " 315.0462, found 315.0461.
2-((4-chlorophenyl)sulfonyl)-1-phenylpropan-1-one (3ad): White solid, mp 113-118°C. 'H NMR
(400 MHz, CDCk) 6 7.91 - 7.89 (m, 2H), 7.66 - 7.64 (m, 2H), 7.58 - 7.54 (m, 1H),
7.44 - 7.41 (m, 4H), 5.10 (dd, J; =7.0 Hz, J,= 3.6 Hz, 1H), 1.50 (d, J = 6.9 Hz, 3H). "°C NMR
(100 MHz, CDCl;) & 192.47, 141.19, 136.06, 134.42, 134.25, 131.35, 129.22, 129.15, 128.86,
65.10, 13.31. HRMS (ESI, m/z) calcd. for C;5H;3CIO;SNa [M+Na] " 331.0166, found 331.0166.
2-((4-bromophenyl)sulfonyl)-1-phenylpropan-1-one (3ae): White solid, mp 149-151 ‘C. 'H NMR
(400 MHz, CDCl;) &6 7.90 - 7.88 (m, 2H), 7.61 - 7.54 (m, 5H), 7.42 (t, J = 8.0 Hz, 2H),
5.09 (dd, J, = 13.8 Hz, J,= 7.0 Hz, 1H), 1.50 (d, J = 7.0 Hz, 3H). "*C NMR (100 MHz, CDCl5)
8 192.45, 136.05, 134.97, 134.25, 132.22, 131.39, 130.90, 129.86, 129.15, 128.86, 77.34, 77.02,
76.70, 65.55, 65.09, 30.59, 19.19, 13.71, 13.30. HRMS (ESI, m/z) calcd. for C;5H;3BrOsSNa
[M+Na]* 376.9641, found 376.9642.

2-(methylsulfonyl)-1-phenylpropan-1-one (3af): Yellow oil liquid. *"H NMR (400 MHz, CDCl;)
& 8.01 - 7.99(m,2H), 7.61 (t, J=7.6 Hz, 1H), 7.49 (t, J = 7.6 Hz, 2H), 4.96 (dd, J, = 14.2 Hz,
J, = 7.0 Hz, 1H), 2.94 (s, 3H). *C NMR (100 MHz, CDCl;) 8 193.97, 135.73, 134.43, 129.16,
128.93, 63.95, 37.04, 13.76. HRMS (ESI, m/z) calcd. for C;oH;,0;SNa [M+Na]* 235.0399, found
235.0397.

2-(cyclopropylsulfonyl)-1-phenylpropan-1-one (3ag): Yellow oil liquid. *"H NMR (400 MHz,
CDCl) 6 7.97(d, J=7.7Hz, 2H), 7.57 (t, J=7.2 Hz, 1H), 7.45(t, J = 7.6 Hz, 2H), 4.99 (dd, J;
=14.0 Hz, J, = 7.2 Hz, 1H), 2.52 - 246 (m, 1H), 1.69 (d, J =7.1 Hz, 3H), 1.20 - 1.17 (m,
1H), 1.15 - 1.05(m, 1H), .04 - 0.97 (m, 1H), 0.93 - 0.86 (m, 1H). *C NMR (100 MHz,
CDCl;) 6 194.05, 136.91, 134.87, 129.85, 129.56, 64.88, 28.16, 13.87, 6.30, 4.74. HRMS (ESI,
m/z) calcd. for C1,Hy505S [M+H]™ 239.0736, found 239.0735.

1-phenyl-2-((4-(trif luoromethyl)phenyl)sulfonyl)propan-1-one (3ah): White solid, mp 94-97°C. *H
NMR (400 MHz, CDCl;) & 7.90- 7.85(m, 4H), 7.72 (d, J = 8.4 Hz, 2H), 7.56 (t, J = 7.2 Hz,
1H), 7.42 (t, J= 7.6 Hz, 2H), 5.13 (dd, J;= 13.6 Hz, J, = 6.8 Hz, 1H), 1.52 (d, J= 7.0 Hz, 3H). °C
NMR (100 MHz, CDCL;) 6 192.30, 139.49, 135.90, 134.39, 130.60, 129.12, 128.91, 126.02,
125.98, 125.94, 125.91, 65.11, 13.29. HRMS (ESI, m/z) calcd. for CisH4F305S [M+H]" 343.0610,
found 343.0608.

2-(naphthalen-2-ylsulfonyl)-1-phenylpropan-1-one (3ai): White solid, mp 119-121°C. 'H NMR
(400 MHz, CDCl;) & 8.29 (s, 1H), 7.91 - 7.83 (m, 5H), 7.68 (dd, J; = 8.6 Hz, J, = 0.8 Hz,
1H), 7.63 - 7.47 (m, 3H), 7.36 (t, J = 4.0 Hz, 2H), 5.17 (dd, J; = 6.8 Hz, J, = 3.4 Hz, 1H), 1.54
(d, J = 6.9 Hz, 3H). >°C NMR (100 MHz, CDCl;) § 192.64, 136.59, 135.74, 134.05, 133.70,
132.17, 132.07, 129.73, 129.61, 129.25, 129.15, 128.84, 128.09, 127.73, 124.34, 65.56, 13.34.
HRMS (ESI, m/z) calcd. for C1oH;603SNa [M+Na]+ 347.0712, found 347.0712.
1-(4-fluorophenyl)-2-(phenylsulfonyl)propan-1-one (3ba): White solid, mp 116-117 “C. '"H NMR
(400 MHz, CDCl) & 8.04 - 801 (m, 2H), 7.79 - 7.76 (m, 2H), 7.68 - 7.64 (m, 1H),
7.55 - 7.51(m,2H), 7.17 - 7.13 (m, 2H), 5.11 (dd, J; = 13.8 Hz, J, =7.0 Hz, 1H), 1.56 (d, J =



6.9 Hz, 3H). C NMR (100 MHz, CDCl;) & 190.79, 167.60, 134.27, 132.04, 131.95, 129.77,
128.90, 116.07, 115.85, 65.10, 13.11. HRMS (ESI, m/z) calcd. for CysHy3FOsSNa [M+Na]®
315.0462, found 315.0464.

1-(3-fluorophenyl)-2-(phenylsulfonyl)propan-1-one (3ca): White solid, mp 110-112°C. ‘H NMR
(400 MHz, CDCl) & 7.72 - 7.70 (m, 3H), 7.62 - 7.55 (m, 2H), 7.48 - 7.37 (m, 3H),
7.26 - 7.22 (m, 1H), 5.03 (dd, J; = 13.6 Hz, J, = 7.6 Hz, 1H), 1.50 (d, J = 6.9 Hz, 3H). **C
NMR (100 MHz, CDCl) & 191.41, 191.39, 164.03, 161.56, 138.31, 138.25, 135.92, 134.37,
130.50, 130.42, 129.80, 128.98, 125.05, 125.02, 121.27, 121.05, 115.90, 115.67, 65.29, 13.12.
HRMS (ESI, m/z) calcd. for CysH;3FO3SNa [M+Na]+ 315.0462, found 315.0461.
1-(2-fluorophenyl)-2-(phenylsulfonyl)propan-1-one (3da): Yellow oil liquid. ‘H NMR (400 MHz,
CDCl) 6 7.74 - 7.66 (m, 3H), 7.58 - 7.53 (m, 1H), 7.49 - 7.42 (m, 3H), 7.19 - 7.13
(m, 1H), 7.02 (ddd, J; = 11.6 Hz, J,=8.3 Hz, J3 =0.8 Hz, 1H), 5.15 (m, 1H), 1.52 (dd, J; = 6.8 Hz,
J, = 0.4 Hz, 3H). *C NMR (100 MHz, CDCl;) & 190.98, 190.94, 162.78, 160.26, 136.82,
135.61, 135.52, 134.13, 131.13, 131.11, 129.55, 128.92, 125.64, 125.53, 124.81, 124.78, 116.88,
116.64, 69.20, 69.11, 12.39. HRMS (ESI, m/z) calcd. for CisHi4FOsS [M+H]" 293.0642, found
293.0641.

1-(4-chlorophenyl)-2-(phenylsulfonyl)propan-1-one (3ea): White solid, mp 148-150 ‘C. *H NMR
(400 MHz, CDCl;) 67.95 - 7.91(m, 2H), 7.79 - 7.76 (m, 2H), 7.69 - 7.65 (m, 1H), 7.55
- 7.51(m, 2H), 7.48 - 7.44 (m, 2H), 5.10(dd, J; = 13.6 Hz, J, = 6.8 Hz, 1H), 1.56 (d, J =6.9
Hz, 3H). *C NMR (100 MHz, CDCl;) & 191.25 140.80, 13590, 134.57, 134.30, 130.56,
129.76, 129.09, 128.92, 65.14, 13.08. HRMS (ESI, m/z) calcd. for CisH;3ClOsSNa [M+Na]®
331.0166, found 331.0162.

2-(phenylsulfonyl)-1-(4-(trifluoromethyl)phenyl)propan-1-one (3fa): White solid, mp 140-142 °C.
'"H NMR (400 MHz, CDCl;) 6 8.10(d, J = 8.2 Hz, 2H), 7.79 - 7.74 (m, 4H), 7.70 - 7.66
(m, 1H), 7.56 - 7.52 (m, 2H), 5.15(dd, J; =14.0 Hz, J, = 6.8 Hz, 1H), 1.58 (d, J = 6.9 Hz, 3H).
C NMR (100 MHz, CDCl;) & 191.73,138.90, 135.79, 135.34, 134.41, 129.74, 129.51, 129.00,
125.80, 125.76, 65.47, 13.02. HRMS (ESI, m/z) calcd. for CigHisF30sSNa [M+Na]™ 365.0430,
found 365.0432.

2-(phenylsulfonyl)-1-(p-tolyl)propan-1-one (3ga): White solid, mp 103-104 ‘C. ‘H NMR (400
MHz, CDCL) & 7.87 (d, J=82Hz, 2H), 7.80 - 7.78 (m, 2H), 7.65 (t, J = 7.0 Hz, 1H), 7.52 (4,
J =7.8Hz, 2H), 7.27 (d, J = 9.4 Hz, 2H), 5.14 (dd, J; = 12.8 Hz, J, = 6.8 Hz, 1H), 2.42 (s, 3H),
1.56 (d, J = 6.9 Hz, 3H). ®C NMR (100 MHz, CDCl;) & 191.89, 145.22, 136.18, 134.09,
133.78, 129.81, 129.45 129.29, 128.81, 64.92, 21.69, 13.17. HRMS (ESI, m/z) calcd. for
CisHis0sSNa [M+Na]* 311.0712, found 311.0710.

2-(phenylsulfonyl)-1-(m-tolyl)propan-1-one (3ha): White solid, mp 83-84 °C. '"H NMR (400 MHz,
CDCl) 6 7.73 - 7.86 (m, 4H), 7.57 (t, J = 7.4 Hz, 1H), 7.44 (t, J = 8.0 Hz, 2H), 7.34 -
7.26 (m, 2H), 5.09 (dd, J; = 14.0 Hz, J,= 6.8 Hz, 1H), 2.33 (5, 3H), 1.49 (d, J = 6.8 Hz, 3H). °C
NMR (100 MHz, CDCl;) & 192.68, 138.66, 136.26, 134.92, 134.19, 129.84, 129.57, 128.86,
128.67, 126.41, 64.97, 21.34, 13.20. HRMS (ESI, m/z) calcd. for C;sH;705S [M+H]" 289.0893,
found 289.0897.

1-(4-methoxyphenyl)-2-(phenylsulfonyl)propan-1-one (3ia): White solid, mp 75-75 ‘C. '"H NMR
(400 MHz, CDCl) 6 7.98 - 7.96 (m, 2H), 7.80 - 7.77 (m, 2H), 7.64 - 7.62 (m, 1H),
7.54 - 750 (m, 2H), 6.96 - 6.93 (m, 2H), 5.11 (dd, J; = 14.0 Hz, J,= 7.2 Hz, 1H), 3.88 (s,
3H), 1.55 (d, J = 6.9 Hz, 3H). **C NMR (100 MHz, CDCl;) & 190.50, 164.38, 136.18, 134.07,



131.65, 129.80, 129.27, 128.79, 113.99, 64.79, 55.57, 13.17. HRMS (ESI, m/z) calcd. for
C16H1604SNa [M+Na]" 327.0662, found 327.0658.
2-(phenylsulfonyl)-1-(thiophen-2-yl)propan-1-one (3ja): White solid, mp 109-111 C. 'H NMR
(400 MHz, CDCl) & 7.83 - 7.81 (m, 3H), 7.74 - 7.73 (m, 1H), 7.67 - 7.63 (m, 1H),
7.52 (t, J=7.8 Hz, 2H), 7.17 - 7.14 (m, 1H), 4.90 (dd, J; = 10.4 Hz, J, = 6.8 Hz, 1H), 1.59 (d, J
= 7.0 Hz, 3H). *C NMR (100 MHz, CDCl;) & 184.50, 143,55, 135.99, 134.41, 134.23, 129.80,
128.89, 128.56, 67.04, 12.86. HRMS (ESI, m/z) calcd. for CyH;,0sNaS, [M+Na]® 303.0132,
found 303.0127.

1-(furan-2-yl)-2-(phenylsulfonyl)butan-1-one (3ka): White solid, mp 99-100 °C. *H NMR (400
MHz, CDCL) & 7.81 - 7.78(m, 2H), 7.64 - 7.59 (m, 2H), 7.52 - 7.48 (m, 2H), 7.29 (dd,
J; = 3.6 Hz, J, = 0.8 Hz, 1H), 6.56 (dd, J; = 3.6 Hz, J, = 1.6 Hz, 1H), 4.79 (dd, J; =11.2 Hz, J, =
4.0 Hz, 1H), 219 - 1.98 (m, 2H), 0.91 (t, J = 7.4 Hz, 3H). *C NMR (100 MHz, CDCl,) §
180.16, 152.93, 147.85, 136.77, 134.08, 129.61, 128.83, 119.62, 113.06, 72.17, 20.94, 11.43.
HRMS (ESI, m/z) calcd. for Cy4H,0,SNa [M+Na]" 301.0505, found 301.0501.
1-phenyl-2-(phenylsulfonyl)butan-1-one (3la): White solid, mp 97-99 ‘C. 'H NMR (400 MHz,
CDCl) 6 7.97 - 7.95(m, 2H), 7.79 - 7.77 (m, 2H), 7.66 - 7.58 (m, 2H), 7.54 - 7.46
(m, 4H), 5.01 (dd, J; = 10.8 Hz, J, = 3.6 Hz, 1H), 2.23 - 2.01 (m, 2H), 0.89 (t, J = 7.2 Hz, 3H).
*C NMR (100 MHz, CDCl;) & 192.59, 137.39, 136.57, 134.11, 133.97, 129.77, 128.92, 128.80,
128.76, 71.46, 22.01, 11.49. HRMS (ESI, m/z) calcd. for C;6H;605SNa [M+Na]" 311.0712, found
311.0712.

1-phenyl-2-(phenylsulfonyl)ethanone (3ma): White solid, mp 94-97 C. 'H NMR (400 MHz,
CDCl) 6 7.96 - 7.89(m, 4H), 7.69 - 7.60 (m, 2H), 7.57 - 7.53 (m, 2H), 7.50 - 7.46
(m, 2H), 4.74 (s, 2H). C NMR (100 MHz, CDCl;) & 187.91, 138.80, 135.77, 134.32, 134.19,
129.27, 129.17, 128.84, 128.58, 63.49. HRMS (ESI, m/z) calcd. for C;,H;,0;SNa [M+Na]”
283.0399, found 283.0396.

2-(phenylsulfonyl)-3,4-dihydronaphthalen-1(2H)-one (3na): Light yellow solid, mp 94-97 C. 'H
NMR (400 MHz, CDCl;) 6 7.98 (d, J=7.9 Hz, 1H), 7.92 (d, J = 7.8 Hz, 2H), 7.67 (t, J=7.0
Hz, 1H), 7.59 - 7.50(m, 3H), 7.34 - 7.28(m, 2H), 4.12 (t, J =5.6 Hz, 1H), 3.55 - 3.47 (m,
1H), 3.03 - 2.96 (m, 1H), 290 - 2.83(m, 1H), 2.70 - 2.62 (m, 1H). "*C NMR (100 MHz,
CDCl;) 6 188.63, 143.56, 139.00, 134.53, 134.02, 131.76, 129.13, 129.02, 128.97, 127.98,
127.09, 69.67, 26.61, 23.65. HRMS (ESI, m/z) calcd. for C;6H;40sSNa [M+Na]* 309.0556, found
309.0554.

(2-(phenylsulfonyl)ethene-1,1-diyl)dibenzene (4a): ‘H NMR (400 MHz, CDCl;) 8 7.50 (d, J =
7.6 Hz, 2H), 7.40 (t, J = 7.2 Hz, 1H), 7.30-7.18 (m, 8H), 7.13 (d, J = 7.6 Hz, 2H), 7.00(d, J =7.6
Hz, 2H), 6.95 (s, 1H). **C NMR (100 MHz, CDCl;) & 155.25, 141,50, 139.12, 135.49, 132.87,
130.37, 129.79, 128.91, 128.78, 128.71, 128.63, 128.24, 127.89, 127.66. HRMS (ESI, m/z) calcd.
for C,oHy70,S [M+H]" 321.0944, found 321.0943.

Reference
1 Xu, Y. L.; Tang, X. D.; Hu, W. G; Wu, W. Q.; Jiang, H. F. Green Chem. 2014, 16, 3720 - 3723.

5. Copies of NMR Spectra of All Products



955~
|70

Svl'g
291’
08lL's
161'S

21
2Ly
8L1'L A
162+
11672
§95°L
#8572
£09°2 7
509°2 4
v29°L
£v9'L
1222
121
61111
261°1 1
g6L L]
9e6°.
o6’ |
866°2

mmv.ﬁy

J

o
=]
s
e
o
LeL —
F00€ [~
o
[ o8
s
[ ed
o
e
©
o ©
Foe ™ 1679 —
—
o
o =]
LS 3
]
P
s o
L -
_ o
g
Feso| = =
=
w | 5]
e [<5]
o
b v.82L
LS o 88'8ZL
S 0L'6ZL
€621 —
L Z £0veL
T 8LYEL
- €T'9€L
| = GZTOEL
<
6€ |
6'L
06'L
e L2
o
LS Sv'Z6L —
&
®
=
°
rs

10

20

30

40

200 190 180 170 160 150 140 130 120 110 100 90 80
1 (ppm)

210

*C NMR spectrum of product 3aa



SYGTL~,
2951~

are—

4]
34%°]
861G
SLL'G

1922
88¢°L
80¢€°L
PA4 A
99v'L
98Yy'L

8.G°L
16G°L /
oL —

966,
096'L N
8.6°L

J

'H NMR spectrum of product 3ab

LLeL—

€9'le—

€0'G9 —

0L'8¢h
gl'ech
osg'6ch

08'6¢cl —=
oleel —~
ve'ect v
LE9€L

0e'sylL —

09'¢6lL —

20

30

40

50

60

70

100 90 80
£1 (ppm)

110

120

130

200 190 180 170 160 150 140
¥C NMR spectrum of product 3ab

210




18y L~
86Y'L

110'9
¥60'G
433}

621'S

<
o
N
~
\
=

Fsoe -

oy

X
T

5‘.0 4.5
f1 (ppm)
'H NMR spectrum of product 3ac

5.5

6.0

4.0

10.0

0.5

8C¢lL —

0'69 —

[4%°1%%
Se9LL >
¥8'8¢1
€lect
cocel
socel b
v.cel
¥8cel
ceyel
60°9¢€1

€679l ~
6¥°,91 —

1926l —

30 20 10

40

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60

210

1 (ppm)

¥C NMR spectrum of product 3ac



L6Vl ~
805°L

€.0'9
060°G
P
T4 o]

Sov'L
sivL
L
szv'L
62v'L
vev'L
shL
RCUAN

v
dge7
888/ N
906'2

Cl

|

=£y'e

6°¢C
Yoo
keoe

6L

'H NMR spectrum of product 3ad

LeeL —

01’69 —

98'8¢l
slL'ech
ceech

selel
mm,vwv/
crvel
909¢€L —
6Lyl —

L6l —

Cl

10

90 80 70 60

100
1 (ppm)

200 190 180 170 160 150 140 130 120 110
¥C NMR spectrum of product 3ad

210



6871~
905°L

890°G
G80°G
201’
(4%e]

cov’L
lev's
ovy'L
6€G°L
0862
€66
866G
996,

28G°L /

088°L
88°L
206°L

06°L

Br

For'e
1

'H NMR spectrum of product 3ae

ogel —

60'69 —

98'8¢l
slect
98'6¢)

6ELEL ~
/-

ceeel
Sevel
16¥EL
5091

S¥'26lL —

Br

100
£1 (ppm)
C NMR spectrum of product 3ae

110

T
120

T
140 130

150

170

T
200

210




G69'L
[{7N%4

ov6'c —

SE6'Y
€56V
116V
8861

99Y'L
seyL
052
ICETRN
E19LF
2€9'L
8862
166'L N
6008

o

L

%ﬁm.o

1 (ppm)

'H NMR spectrum of product 3af

9,°€L —

¥0°LE —

G6'€9 —

£€6'8C1

916zl
Srrel —
ergeL”/

16'€6) —

90 80 70 60 50 40 30 20

100
£1 (ppm)

200 190 180 170 160 150 140 130 120 110
3¢ NMR spectrum of product 3af

210

10



voo u
G880
1680
2060
906°0
S16°0
€260
€6°0
2160
2660
€00
800°I
020’
0€0’l
Lol

28l
Lov'e
eLve
3144

€6v'e
§06°¢
€lge

§ese

1967
mB.vV
9667
vL0'G

9L
0552~
896, T
98G°L
096°L -
62627

Ley'L
JA4 A W

r

4.0
1 (ppm)

'H NMR spectrum of product 3ag

4.5

3.0

3.5

VLV~
09"

18°€L —

91'8¢ —

8879 —

96’62t
g8'6ch A

18VEL —
16'9gL <~

G0'v6L —

-

T
100
£1 (ppm)

¥C NMR spectrum of product 3ag

200

90

110

120

150

160

180

190

11



SLGTL~
zes L

801G
9L’
a4 ]
09L°g

£0v'L
sev'L
[4ed
£vs'L
295°2
085°2
S0LL~
9zL L,
1v8°L
698°2
€18
1181
S68'L

1 (ppm)

'H NMR spectrum of product 3ah

£330

6c€l —

LG9 —

16521
v6'5ZL
86'5Z1
20921
16'9Z1
z16ZL
0901 —
BEVEL —
06°GEL /.
ereel

0€e6l —

20

30

40

60

70

90 80

100
1 (ppm)

¥C NMR spectrum of product 3ah
12

200 190 180 170 160 150 140 130 120 110

210




2861~
6Y5'L

SYeL

8¢ L

18V,

025,

GGG,

81G°L

86G°L

819/ O=uwW=0
119, ~

€692

188°L \ °

882'8 —

f1 (m':rﬁ).5
'H NMR spectrum of product 3ai

4.0

5.0

5.5

veeL —

9G'69 —

yeveL
€L/21
60821
¥8'8¢1
slect
geect
19621
€L'6cl 7
L0cel
Licel
0L€eel
SOveEL
v.°6EL
65°9¢€1

¥9'¢6l —

30 20 10

40

90 80 70 60

100
1 (ppm)

190 180 7 160 150 140 130 120
C NMR spectrum of product 3ai

200

13



056k ~,
1961 7

G80°G
€0L'g
(4%e]
PR

oelL’L
9€L’L
sl
8917

€LV'L
0lG'L—
199°L —

9008 ¢
6108
20'8

8208
10’8

1 (ppm)

'H NMR spectrum of product 3ba

8.0

8.5

9.0

9.5

10.0

e —

01’69 —

mw.m:
L0911 >

06'8cl
LL62) V
S6°'LEL
yocel W
LeyeEl

09291 —

6,061 —

30

40

50

60

90 80

14

100
1 (ppm)

180 170 160 150 140 130 120 110
C NMR spectrum of product 3ba

190

00



187 L~
¥05°L

€00'S
020's
LE0'S
¥S0'S O=»n=0

0Tl
2z L
v2T LA
982
8€T'L A 9.6/~
T Lf

92 L GBS/ —
9T L] 0192
852', =z
7977 | €192 \
vzl | 9192
[AIE
98¢,
z6eL]
90v°2 |
IR 669'2 \
9zrL] 202\
ShyL 1042 —
6L 0204 —
Yov'L
osy'2
v8y'L
8v5'L
£65°2
855°2
£15°L
9,52

iy
|

I

£1 (ppm)

7.72

=¥6'C

1 (ppm)

'H NMR spectrum of product 3ca

cLel —

6269 —

-10

60 50 40 30 20

70

B.m:
0Bl
S0'kzL —
20621 —
86'9Z1 —
18781 —
Z6'SEL /-
mm.m?\
Le'gel

96191 ~
€0Vl —

6E°L6L
LyL6lL >

110 100 90 80
£1 (ppm)

120

130

¥C NMR spectrum of product 3ca

200 190 180 0 160 150 140

210




60G°1L
0lLgL
925’1
pracyn

180'S
§60°S
SoL'S
4%}
[44%°]
621G
6€L'g
PA4Se]

7669
S1L0°2
€20°L
Yr0'L
geL'L
zars X
SLyL—
611,
vey' L
€512
sov's
89",
0.4
LY L
8.v', ]
98v'/ |
16v'L |
2€5L
GESL
8€5L
675L

SivL
vev'L
Sov'L
oLv'L
8Ly L —
285, —
6v5'L
6854
8992 ~\
289'L
1892
1022
90L'L
£zLL
9zLL
8Ll
vrLL

-,

=LIe

oL

ST Uy

2o
o~ o

0.0

7.5

8.0

)

1 (ppm)

'H NMR spectrum of product 3da

6e¢CL —

1169
02’69 >

v99LL
189L1 >

8LvCl
18'vCl
€9'6¢Cl
v9'6¢l
26'8¢l
vg'6cl

clvel

9209} ~
8LC9l —

6'061
86061 >

10

30

40

60

200 190 180 170 160 150 140 130 120 110 100 90
£1 (ppm)

210

C NMR spectrum of product 3da

16



8va’l
§G9G°1 >

v.0°G
160°'S
801’
T4 o]

bovLy
Lo LA
2512
YOv'L A
692
G172
€162 ]
1162
285°L
875
25572
9L
6v9'L
25921
€99/
899°/ |
2191
£89°/
989'/
689'2
8G.°L
19272
99/°2
61071
28.°L
18171
1162
1162
226°L

Cl

L6 L~
L16°L~
226 L —
ve6'L —
6£6'L
Sv6L 7

=3
=4
o

7.96  7.94 7.92
£1 (ppm)

7.98

8.00

7.0 6.5 6.0

7.5

8.0

1.0 10.5 10.0 9.5 9.0 8.5

11.5

1 (ppm)

'H NMR spectrum of product 3ea

80°€L —

1'G9 —

Nm.ww_‘
mo.mwr
9.'6¢h

9g°0€L —
0EveEL —

08'0vl —

ge'Lel —

Ci

-10

130 120 110 100 90 80 70 60 50 40 30 20
£1 (ppm)

140

200 190 180 170 160

210

¥C NMR spectrum of product 3ea

17



6951~
98g5°L 7

X4
ovs'L
0962
8G9°L
€L9°L
1892
§69°L

Wil
€9L°L V

1808 -
8018 v

5

=]

o

©

=00€ [ ~

o

[ od

o

[ ed

o

o

P

e

o

<

P

<

o

I
1660

P

o

<

P

[ <

o

[ e

6L
60
1€

LS

el | @

P

[

°

=

P

[ o

-

re

1 (ppm)

'H NMR spectrum of product 3fa

c0el —

L¥'G9 —

9/°G¢el
08'Gel
0o'6cl
Lg'6Cl W

v.'6cl
LyvelL —

ve'sel N
6LSEL
0681

€16l —

10

30 20

40

90 80

100
1 (ppm)

200 190 180 170 160 150 140 130 120 110
C NMR spectrum of product 3fa

210

18



2561 ~,
0617

vev'e —

'S
cel’s
(94
91°G

29,
G8c¢’L A
66V, —
816
8€G°L
129°L
9L
99°L
9LL°L
6LL°L
86.°L
€98°L
€88°L

i

Feot

F0¢€
Fo6°L
Mm.o

8'l
H/vm._‘

5.

6.0

4.

1

5.0

5

pm)
'H NMR spectrum of product 3ga

Dl

F

LLeL —

69'lc —

26'v9 —

18821
62621
sv'ect
18621 =
8L€El -
60°vEL v

TSl —

68161 —

10

20

30

40

90 80

100
1 (ppm)

200 190 180 170 160 150 140 130 120 110
C NMR spectrum of product 3ga

210

19



Y8Y L~
105°L -

92eC—

290'S
6.0
160'S
LS

6SC’L
8.C°L
162°L
Ggece’L
el
Lev'L
ovy'L
09’ L~
8¥S'L
196°L
G686
€99°2
1692
60L°L
8cL'L

F66C

To.m

0.0

0.5

8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0

9.0

f1 (ppmr

'H NMR spectrum of product 3ha

ozel —

ve'le—

L6'V9 —

34141
L9'8¢l
98'8¢l
19°62)
8621
6LYEL —
26vElL \
92'9¢1
99'8¢€l

89°¢6l —

£1 (ppm)

¥C NMR spectrum of product 3ha

20



SPGL
€95, 7

G88'¢ —

¥80'G
LoL's
8L’
9€L’g

€€6'9
6€6'9
1G6'9

9569
16V'L
GES L\
1292~

86447
0962

2.l6°L &
8/6°L

Fesz

T T T
4.5 3.5

5.0

5.

4.0

5

1 (ppm)

'H NMR spectrum of product 3ia

LLeL —

196G —

6L%9 —

66€Ll —

62821
LT62h
08'62) -
S9'LEL 7/
L0'pEL
819l /

8€Y9l —

05061 —

10

20

30

40

90 80

100
1 (ppm)

200 190 180 170 160 150 140 130 120 110
C NMR spectrum of product 3ia

210

21



8L~
9651

V.8V
2681
6061

926’y

vrl'L
val'L
9G1°L
9917,

505 L—
25,
S L m
192
ve9°2 4
0592
899°Z
SIVE
62.'L
6cL'L]
RIVE
2611
6L
y18L
918L
€28
9z8'L

1 (ppm)

'H NMR spectrum of product 3ja

10.0 9.5 9.0

10.5

1.0

98¢l —

029 —

-10

60 50 40 30 20

70

96’82t
68'8¢L
08’62l —
ecvel
Lyvel 7

Sgevl —

0S¥8L —

90 80

100
£1 (ppm)

22

110

120

200 190 180 170 160 140 130
3¢ NMR spectrum of product 3ja

210




0680
mom.oW
NNm.o

€86'I
Loe
0c0c

§geo'e
Lv0'C
290°C
080°C
160C
SLie
gele
veL'e

VLY
08L'v
86.Lv
808V

6Y59
659
6559
€959
6922
Em.sw
862
00g2
€8y’ L
1814
1062
8162
1262 1
£65L
9652
166 |
1092
09°2
109°2
8192
€291
1291
89/
Lv9'L
ey
182°1
G8LL

0.0 -0.%

0.5

182
ST
68L L —
€082 —
mowxw
0182

£1 (ppm)

'"H NMR spectrum of product 3ka

7.78

7.82 7.80
1 (ppm)
9.5 9.0

7.84
10.0

7.86
10.5

7.88
.0

11

.5

erLL—

6'0C —

LveL—

90¢€LL —
2961l —
£€8'8¢l

L9'6Cl A

80vElL —
LL°9€L

S8l —
€625 —

91081 —

10

20

30

40

90 80

100
1 (ppm)

¥C NMR spectrum of product 3ka
23

110

120

130

140

200 190 180 170 160 150

210




2.80
—mw.oW
mom.o

900¢C
¥20c
€€0¢
evoe
150¢
180C
990°¢
690°C
9.0¢
¥80°C
¥60°C
€0L'C
LeLe
121e

Gl1c

166'Y
000'S
810’
120'S

19zL—
8612 —
2857, —
Y/
964

056°L N
896'L

oy
Toiz
T8gl
TS6'L

5.0

< 6v'LL —

10cc—

WL —

3.5

f1 (ppm)4l0
'H NMR spectrum of product 3la

4.5

26’82k
L162L —
l6'eel

LLYEL s
159
< 6€°L€L

9/'8¢L
08'8cl W

65°¢6lL —

-10

90 80 70 60 50 40 30 20

100
£1 (ppm)

3¢ NMR spectrum of product 3la

130

140

200 190 180 170 160

210

24



LELYV —

£9v'L e
18¥'L 1
2052
Ge5L
696
0092
909°/
1292+
191
£v9'A

268
1682
0162
z16'L
816
826°L
1€6°L
9€6°L
6v6'L
256°L
956°2

8884
ﬁ

4.5

e

5.0

5.5

1 (ppm)

'"H NMR spectrum of product 3ma

67'€9 —

16281 —

-10

130 120 110 100 90 80 70 60 50 40 30 20
£1 (ppm)

140

200 190 180 170 160

210

¥C NMR spectrum of product 3ma

25



229
GE9T
1¥9T
6597
129
€897
569 1
80.°C |
628°C |
€87
958
1182+
618'C1
268 1
906°C
296'C 4
G16'TA
686C
700°€
Eo.&
ze0°€

eLr'e —
L6t

ri5€

SoLY

m:.vw
eeLy

08Z'L
16T°L
9LeL
gegL —=
106°2L —
v16°LS
YI6L—-
vee L/
€16'L
£66'L

I

4.5
1 (ppm)

'H NMR spectrum of product 3na

S9'€C ~
19°9¢ —

1969 —

60°Lct
86'L¢t
16'8¢h
206zt
€lLect
9L'LEL
No.ﬁm_‘#
eSvelL —
006€L —
oG eyl —

€9'881L —

50 40 30 20

60

90 80

100
£1 (ppm)

200 190 180 170 160 150 140 130 120 110
*C NMR spectrum of product 3na

210

26



976'9 1
88601
2002
0zl
6€LL
AVE
G812+
0z L
12T L-E
\We' L
29z, ﬁ
2821

2oL
z8¢e°L]
002+
8Ly
€611
z15Ld

T

0.0

0.5

45 4.0 3.5 3.0 2.5 2.0
1 (pprh

5.5 5.0

6.0

7.0 6.5

7.5

8.0

8.5

'"H NMR spectrum of product 4a

99'/¢L
68'LcL
ve'seh
€9'8¢l
128¢CL
8.'8¢h
16°8¢CL

61621~
R.oQ\
1872¢1 \‘
ovsel
zLeel
05'LbL

G2'ssL —

200 190 180 170 160 150 140 130 120 110 100
1 (ppm)

210

¥C NMR spectrum of product 4a

27



6. Copies of HRMS Spectra of All Products
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4.5

4.0

3.5

365.0432
o

o

366.0455

i
a®
FsC

HRMS (ESI, m/z) calcd. for CysHisF303SNa [M+Na]" 365.0430, found 365.0432.

| L1
364.5 365.0 365.5 366.0 366.5

HRMS spectrum of product 3fa
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fen. (.000,000)

2.00-

1.751

1.50

1.254

1.00

0.754

0.50+

0.251

0.00

311.

710

O

HRMS (ESI, m/z) calcd. for C1sH160sSNa [M+Na]* 311.0712, found 311.0710.

312.0718

310.5

ten. (x1.000,000)

311.0

311.5 312.0 312.5

HRMS spectrum of product 3ga

313.0

3135 .,

1.501

1.25¢

1.004

0.75-

0.50

0.25-

0.00

289.0897

HRMS (ESI, m/z) calcd. for C1sHi705S [M+H] 289.0893, found 289.0897.

290.0896

287.0

288.0

289.0 290.0 291.0

HRMS spectrum of product 3ha
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1 OI’ ten. (x1,000,000)
0.9 327.p658 (o) (o)
Il
i
0.87 O\©
H3CO
0.7
06 HRMS (ESI, m/z) calcd. for C16H1604SNa [M+Na]" 327.0662, found 327.0658.
0.5
0.4
0.3
0.2 328.0672
0.1
0.0 = ‘ ‘ ‘ ‘ ‘ |
326.5 327.0 327.5 328.0 328.5 329.0 e
HRMS spectrum of product 3ia
Inten. (x100,000)
7.0
303.0127 O 9
6.0 S S
\_ O
5.0
HRMS (ESI, m/z) calcd. for C13Hi203NaS, [M+Na]" 303.0132, found 303.0127.
4.0
3.0
2.0
304.0091
1.04
0.0— ‘ A ; ‘ : /\
302.5 303.0 303.5 304.0 304.5 305.0 e

HRMS spectrum of product 3ja
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fen. (x100,000)

0]
301.p501 g
6.0 O I
\_ o
5.0
HRMS (ESI, m/z) calcd. for C14H140,SNa [M+Na]" 301.0505, found 301.0501.
4.0
3.0
2.0
302.0494
1.07
0.0 ‘ ‘ ‘ ‘ ; /‘/\ ‘
300.5 301.0 3015 302.0 302.5 303.0 3035 ..
HRMS spectrum of product 3ka
Inten. (x100,000)
6.0
5.5] 0] 9
o 311.p712 §
| S
4.5
4.0
HRMS (ESI, m/z) calcd. for C1sH160sSNa [M+Na]* 311.0712, found 311.0712.
3.5
3.04
2.5]
2.0
1.5]
1.01 312.0725
0.5/ /\
0.0— ‘ ; ‘ ‘ ‘ ‘ ‘
3105 311.0 3115 312.0 3125 313.0 3135 .

HRMS spectrum of product 3la
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Inten. (x0,000,000)

1.2

1.1 I

S
1.0 283.0396 6\©
0.94
0.8 HRMS (ESI, m/z) calcd. for C14H;120:SNa [M+Na]" 283.0399, found 283.0396.
0.74
0.61
0.5/
0.44
0.3
0.21 284.0444
0.14
0.0 m

282.5 283.0 283.5 284.0 284.5 285.0 .

HRMS spectrum of product 3ma

Inten. (x1.000,000)

2.501

309.0554
2.254

2.00 O‘ O
1.751
HRMS (ESI, m/z) calcd. for C1sH140sSNa [M+Na]" 309.0556, found 309.0554.
1.50
1.254
1.00
0.75

0.501 310.0559

0.251

0.00 m

308.5 309.0 309.5 310.0 310.5 311.0 L

HRMS spectrum of product 3na



Inten. (x1,000,000)
1.504 321.0943
1.25;
O\
(0]
1.004 O O
0.75. HRMS (ESI, m/Z) calcd. for C20H17OZS[M+H]+ 321.0944, found 321.0943,
0.501
0.251
323.?964
0.00 \ \ ‘ ‘ ‘ ‘ ‘
320.0 321.0 322.0 323.0 324.0 325.0,,
HRMS spectrum of product 4a
7. Copy of HSQC Spectrum of 3aa
1
5¥ 67,1011 2
MJ l L
1 - e
20
30
=40
=50
=60
2 > -
=70
- F80
g0
~100
110
5,6,9,10 [
gy - F130
711 — -
4,8 F140
150
160
=170
180
3 180
T T T T T T T T T T T T T T T T T T T 200
8.5 8.0 8.5 8.0 7.5 7.0 6.5 6.0 5. 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
£2 (ppm)
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8. Copy of HMBC Spectrum of 3aa

0]
I 9
ﬁ 10 7,11
0 59| 6,10
g 11 7 2
i |
' &
1 _ ' il
20
b0
& 60
2 ' i
80
~100
6.9 120
- 1)
— ]
5,10 Lx 4 L1go
4,
F160
180
.
3 — 1 ' ]
200
T T T T T T T T T T T 220
12 1 10 9 8 7 6 5 4 3 2 L
£2 (ppm)
carbon C1 Cc2 C3 C4 C5 C5’ C6 C6’ C7 C8 C9 c9’ C10 Cc10’ C11
proton 1311 | 6497 | 10245 | 13623 | 120.10 | 12910 | 12888 | 128.88 | 134.03 | 13625 | 12874 | 12874 | 12073 | 12073 | 134.18
H1 | 157 | bonda @ B
H2 5.18 o bonded o
H5 7.94 B o bonded B o B
H5° 7.94 B o B bonded o B
H6 7.60 B o bonded B o
H6’ 7.60 B o B bonded o
H7 7.47 B B o o bonded
H9 7.78 o bonded B o B
H9’ 7.78 o B bonded o B
H10 7.43 B o bonded B o
H10 7.43 B o B bonded o
H11 7.51 B B o o bonded

40




